A 37-year-old woman with no headache history presented to her primary care physician with worsening daily headache ongoing for 1 month. The headache was holocephalic, exacerbated by lying down, and relieved by sitting up or standing. She had associated vertigo, nausea, vomiting, and gait impairment. Her medical history included hypertension, hyperlipidemia, type 2 diabetes mellitus, and schizophrenia. Her current medications were lisinopril, simvastatin, metformin hydrochloride, bupropion hydrochloride, and risperidone. She had no known allergies. She was born and raised in California, was briefly homeless, and had never traveled outside the United States. She was a current smoker with a 40-pack/y smoking history. She drank 6 to 12 alcoholic beverages per week. She used marijuana occasionally and denied other drug use, including intravenous drugs. There was no family history of neurologic disorders. General medical examination findings were normal.
A 37-year-old woman with no headache history presented to her primary care physician with worsening daily headache ongoing for 1 month. The headache was holocephalic, exacerbated by lying down, and relieved by sitting up or standing. She had associated vertigo, nausea, vomiting, and gait impairment. Her medical history included hypertension, hyperlipidemia, type 2 diabetes mellitus, and schizophrenia. Her current medications were lisinopril, simvastatin, metformin hydrochloride, bupropion hydrochloride, and risperidone. She had no known allergies. She was born and raised in California, was briefly homeless, and had never traveled outside the United States. She was a current smoker with a 40-pack/y smoking history. She drank 6 to 12 alcoholic beverages per week. She used marijuana occasionally and denied other drug use, including intravenous drugs. There was no family history of neurologic disorders. General medical examination findings were normal.
A noncontrast head computed tomographic (CT) scan revealed panventricular enlargement consistent with hydrocephalus. Nonenhanced brain magnetic resonance imaging (MRI) showed no mass lesion. She had no history of risk factors for hydrocephalus, including no previous head trauma, intracranial hemorrhage, or central nervous system (CNS) infection.
A ventriculoperitoneal (VP) shunt was placed with clinical resolution of her symptoms and radiographic improvement. Cerebrospinal fluid (CSF) analysis at the time of the procedure revealed no cells, normal protein and glucose levels, and negative bacterial cultures.
The patient's symptoms resolved until 6 months later, when she developed an occasional headache. She reported no visual symptoms, nausea, or vomiting. Her headache was holocephalic, without positional effects, and easily relieved with ibuprofen. A noncontrast head CT revealed no intracranial pathology, stably decompressed ventricles, and appropriate VP shunt placement. During the next 4 months her headache worsened, occurring daily and associated with photophobia, nausea, and vomiting. There was intermittent diplopia in multiple directions of gaze. The headache was worse in the morning and at times woke her from sleep. She re-ported no fevers, chills, rash, weight loss, or abdominal pain. There was no bowel or bladder dysfunction. She presented to the emergency department 1 week after developing neck stiffness.
On general examination, she was afebrile and her blood pressure was 145/83 mm Hg. Her heart rate, respirations, and room air oxygen saturation were normal. She was diaphoretic. She endorsed pain with passive neck movements but had full range of motion. Cardiovascular, pulmonary, abdominal, and skin examination findings were normal.
On neurologic examination, she appeared sleepy but was arousable to voice with a normal orientation. Pupillary light reflexes and funduscopic examination findings were normal. There was saccadic breakdown of smooth pursuit. Extraocular movements were intact. She had bifacial weakness and spastic dysarthria. There was mild neck flexor weakness. Tone was spastic in the bilateral upper extremities, with full strength throughout. Reflexes were diffusely brisk with bilateral Hoffman signs, no jaw jerk, and flexor plantar responses. Sensory examination findings and appendicular coordination were normal. Her gait was wide based and ataxic.
Laboratory and Radiological Data
The patient's serum metabolic profile and complete blood cell count with differential were normal. A noncontrast head CT revealed multiple cystic posterior fossa lesions. Gadolinium-enhanced brain MRI demonstrated loculated, extra-axial, and intraparenchymal fluid collections with irregular, nodular enhancement along their borders within the cerebellar hemispheres and along posterior fossa structures ( Figure 1A) . There was mass effect with marked compression of the inferior cerebellum and vermis, fourth ventricle, medulla, and upper cervical cord. The cystic fluid was of the same signal intensity as CSF. There was no evidence of diffusion restriction ( Figure 1B) . One cyst showed a T2-isointense internal nodular structure ( Figure 1C ). Gadolinium-enhanced spine MRI revealed marked compression of the upper cervical cord from C1 to C4 by extramedullary cystic collections ( Figure 1D ). There was extensive, diffuse, nodu-A 37-year-old woman presented with progressively worsening headache. She had no headache history, and initial evaluation revealed hydrocephalus of unclear etiology. A ventriculoperitoneal shunt was placed with improvement. However, her headache returned and she developed neurologic deficits. Imaging studies demonstrated multiple cystic lesions in the posterior fossa. Serum and cerebrospinal fluid studies were unrevealing and a biopsy of the cystic lesions was performed. The clinical approach, differential diagnosis, and neuropathological findings are discussed. lar leptomeningeal enhancement along the entire spinal cord. There was no intrinsic cord signal abnormality.
A lumbar puncture was performed, with initial CSF results presented in Table 1 . Serum and CSF enzyme-linked immunosorbent assay for Taenia solium, among other studies, were sent for analysis. The results of additional CSF and serum studies are presented in Table 2 .
The patient was premedicated with dexamethasone for a day and then began treatment with albendazole for presumed neurocysticercosis (NCC). Six hours after receiving her first dose of albendazole, she had an acute decline in mental status and was transferred to the intensive care unit. Repeated head CT revealed interval development of hydrocephalus compared with imaging 5 days earlier, and an external ventricular drain was placed. Albendazole was discontinued and dexamethasone was continued. Gadoliniumenhanced MRI demonstrated development of a new rimenhancing cystic parenchymal lesion within the left cerebellar hemisphere ( Figure 1E and F).
Despite external ventricular drain placement, the patient clinically declined during the next 4 days, with signs of worsening brainstem compression. Serum and CSF enzyme-linked immunosorbent assay for T solium returned negative. Given her worsening brainstem compression and nondiagnostic serum and CSF studies ( Table 2) , she underwent a suboccipital craniotomy with leptomeningeal/cyst biopsy.
Clinical Discussion
This woman's presentation with new-onset daily headache that worsened with recumbency and was associated with vertigo, nausea, vomiting, and gait impairment suggests increased intracranial pressure. The temporal course of the illness implies a subacute process. Her initial neuroimaging revealed hydrocephalus with panventricular enlargement without any evidence of an obstructing mass lesion, suggesting a process affecting the subarachnoid spaces or CSF absorptive surfaces. This may be seen in conditions causing acute inflammation or delayed scarring or fibrosis (ie, trauma, infection, or hemorrhage) as well as with leptomeningeal infiltration from granulomatous disease or leptomeningeal metastases from a systemic cancer. 1,2 Gadolinium-enhanced imaging may reveal abnormal dural enhancement in some of these conditions. 2 Despite VP shunt placement, her headaches progressively worsened. The onset of associated nuchal rigidity suggests meningeal irritation. She also developed diplopia, dysarthria, bifacial weakness, and a depressed level of consciousness, suggesting dysfunction at the level of the pons including the facial nuclei and possibly the reticular activating system. Neck flexor weakness with hyperreflexia and increased tone in the arms implicate corticospinal tract dysfunction in the brainstem or upper cervical spine. There was also probable midline cerebellar dysfunction given her wide-based, ataxic gait that was not associated with abnormal sensory findings. Her MRI findings support this clinical picture and revealed cystic lesions affecting the cerebellum, brainstem, and upper cervical cord.
The differential diagnosis for cystic brain lesions is broad and includes benign, inflammatory, neoplastic, and infectious processes. Here, MRI revealing both extra-axial and intraparenchymal lesions focuses the differential on neoplastic and infectious etiologies as these can more commonly have wide leptomeningeal dissemination concurrent with intraparenchymal involvement.
Primary CNS tumors typically present with solitary lesions. Those that commonly have a cystic appearance include pilocytic astrocytoma, ganglioglioma, ependymoma, and hemangioblastoma. 3, 4 Cystic brain metastases have been described from primary cancers involving the lung, breast, prostate, and pancreas. 4 Infectious etiologies include multiple abscesses, which may be from severe bacterial, mycobacterial, or fungal infections. Additionally, various parasitic infections (ie, NCC, echinococcosis, amebiasis) may also appear as cystic lesions within the CNS. 5 Analysis of CSF later demonstrated a mononuclear-and lymphocyte-predominant pleocytosis consistent with chronic meningeal irritation. While the proportion of eosinophils fell short of the 10% required for eosinophilic meningitis, finding any eosinophils in the CSF is abnormal. Causes of CSF eosinophilia include parasitic and fungal infections, meningeal involvement of certain malignant neo-plasms (ie, Hodgkin disease, non-Hodgkin lymphoma, eosinophilic leukemia), or lastly a foreign-body reaction such as to a VP shunt. 6 A markedly elevated CSF protein level (>1 g/dL; to convert to grams per liter, multiply by 10.0) may be seen with any purulent meningitis or intracerebral hemorrhage or when there is a spinal block to CSF circulation. 7 A low CSF glucose level (<60% serum) suggests acute bacterial, fungal, or tuberculous meningitis, lymphomatous or carcinomatous meningitis, neurosarcoidosis, or NCC. 7 The MRI finding of a cyst with a T2-isointense internal nodular structure combined with the CSF profile raises suspicion for NCC.
Neurocysticercosis occurs with infection by the larval cystic form of the pork tapeworm T solium. The MRI findings here implicate the vesicular and racemose forms of NCC, which may coexist in the same patient. A hallmark of the vesicular form of NCC is MRI revealing intraparenchymal, thin-membranous cystic structures with fluid of CSF-like intensity along with a mural nodule, which is aT2isointense to T2-hyperintense nodular structure along the cyst wall representing the viable larval scolex. 8 In racemose NCC, subarachnoid infiltration produces cystic lesions within the basal cisterns seen deforming neighboring structures on MRI. The cyst wall in vesicular and racemose NCC generally does not enhance. 8 Neurocysticercosis may only be definitively diagnosed through pathologic analysis of excised cysts. Less invasive tests to detect the presence of serum or CSF antibodies to T solium are the enzymelinked immunosorbent assay and enzyme-linked immunoelectrotransfer blot. The appropriate treatment of NCC depends on the presentation, location, and burden of disease. Antiepileptic drugs, antihelminthic drugs (most commonly albendazole and praziquantel), corticosteroids, and surgical interventions all play a role. 9, 10 Antihelminthic therapy in those with a large burden of subarachnoid/ cisternal or intraventricular disease is controversial, as acute destruction of the parasite may trigger an inflammatory response leading to clinical worsening from edema and increased intracranial pressure. Premedication with corticosteroids or stabilization with surgical decompression and/or shunt placement prior to antihelminthic treatment is debated. 10 In this case, the rapid clinical deterioration at the time of treatment for NCC was concerning for reactive edema around the cyst vs progression of her disease, and a decompressive suboccipital craniotomy with diagnostic cyst biopsy was performed.
Neuropathology
Microscopic examination of surgical samples revealed columnar epithelium with scattered goblet cells and increased mitotic activity, consistent with well-differentiated adenocarcinoma (Figure 2A) . Immunohistochemical stains showed that the tumor cells were diffusely positive for caudal-type homeobox 2 (CDX-2) ( Figure 2B ), cytokeratin (CK) 7 ( Figure 2C ), and CK19 ( Figure 2D ) and focally positive for CK20 ( Figure 2E ). Dual expression of CK7 and CK20 is consistent with a metastatic adenocarcinoma arising from the upper gastrointestinal tract or pancreaticobiliary system. 11
Patient Outcome
The pathologic diagnosis was metastatic adenocarcinoma, consistent with a primary neoplasm involving upper gastrointestinal tract.
Staging CT of the chest, abdomen, and pelvis as well as wholebody positron emission tomography showed no primary or additional tumor. Serum cancer markers of carcinoembryonic antigen and cancer antigens 125, 19-9, and 15-3 were not elevated. Despite suboccipital decompression, the patient's neurologic examination findings continued to deteriorate and she developed worsening cervi-cal myelopathy and quadriparesis. The patient and family elected to pursue palliative radiation therapy, after which she was transferred to hospice care and died 3 weeks later from progressive CNS metastases.
Conclusions
Metastasis to the CNS is much more common in those with known advanced systemic cancers and is estimated to occur in about 15% of patients with cancer. 12 Gastrointestinal tract tumors are especially unlikely to have CNS metastasis. Infratentorial seeding, as seen in this case, occurs in about 20% of CNS gastrointestinal metastases. 13 This disproportionately high incidence of posterior fossa metastases suggests that these primary malignant neoplasms more often gain CNS access through the posterior circulation. 14 Multicystic CNS metastases from adenocarcinoma of the lung, breast, and, rarely, gastrointestinal organs (ie, stomach, pancreas) have been described. 3, 4, 15 Characteristics of cystic CNS metastatic adenocarcinomas on MRI are similar to those in this case with isointensity to hypointensity on T1-weighted sequences, isointensity to hyperintensity on T2-weighted sequences, and nodular enhancement on postgadolinium sequences. 15 This case is also unusual in that our patient presented with CNS metastases as an initial manifestation and the evolution over 11 months was much slower than expected for untreated CNS metastases, especially with diffuse leptomeningeal involvement. She also developed hydrocephalus without evidence of a mass lesion on brain imaging. Her initial hydrocephalus was possibly the result of a small cyst obstructing the central canal or leptomeningeal infiltration by tumor cells. Her CSF profile was difficult to interpret and likely reflected CSF block (elevated protein level) and chronic inflammation in the presence of a foreign body, ie, the VP shunt (eosinophilia). Leptomeningeal carcinomatosis could explain the low CSF glucose level, although her CSF cytological findings were negative. The MRI finding here of both extra-axial and intraparenchymal cystic lesions was important in focusing the differential on neoplastic and infectious etiologies as these may seed both locations. This case further highlights the need for consideration of CNS metastasis, even in those without a known history of malignancy. A thorough investigation should include a determination of immune status, contrastenhanced brain and/or spine imaging, and cytological, bacterial, mycobacterial, and fungal studies of the CSF in the appropriate clinical context. Ultimately, biopsy confirmation may be required for diagnosis. In the future, CSF biomarkers may be more sensitive than cytology for early detection of neoplastic meningitis. 16 While this patient's condition was inexorably progressive, early diagnosis and prompt treatment may improve the clinical outcome for others.
